Ovarian cancer (OVA) is a fatal and common malignancy in women worldwide.
relative protein levels was assessed using the luciferase reporter assays. Results verified that hsa_circ_0007874 is downregulated in OVA cell lines. hsa_circ_0007874 overexpression decreased the OVA cell migration and proliferation in vitro and in vivo. Bioinformatics and luciferase reporter assays confirmed that miR-760 and SOCS3 are the downstream targets of hsa_circ_0007874. Downregulation of SOCS3 or miR-760 overexpression restored the migration and proliferation ability of SKOV3 or A2780 cells overexpressing hsa_circ_0007874. Downregulation of SOCS3 restored the proliferation and migration in miR-760 knockdown SKOV3 and A2780 cells. In summary, the data suggest that hsa_circ_0007874 acts as a tumor suppressor by regulating the miR-760/SOCS3 axis, highlighting its potential as an effective therapeutic target for OVA.
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| INTRODUCTION
Ovarian cancer (OVA) is a fatal and popular malignancy among women worldwide, accounting for 5%-6% of cancer-related deaths. 1, 2 In 2017, it was estimated that 22 500 patients were diagnosed with OVA and 14 100 patients died from the disease in the United States. 3, 4 Because of the vagueness of symptoms and the lack of early detection tests, 70%-75% of OVA patients are at advanced stages when first diagnosed. 5 The current standard therapeutic strategy for OVA is surgery combined with chemotherapy. However, approximately 80% of the patients develop resistance to treatment and metastasis. 6, 7 This underscores the importance of early detection and the establishment of new therapeutic interventions for OVA.
Circular RNAs (circRNAs) are a new type of endogenous RNAs characterized by a covalently closed continuous loop. circRNAs function importantly in tumorigenesis in various malignancies, including clear cell renal cell carcinoma, 8 gastric cancer, 9 colorectal cancer, 10 cervical cancer, 11 and hepatocellular carcinoma. 12 The expression of circRNA ABCB10 correlates with unfavorable survival and advanced clinicopathological features, and enhances cell proliferation by inhibiting apoptosis in epithelial OVA. 13 A previous study validated that the circRNA hsa_circ_0007874 is aberrantly expressed in cancer and functions in tumorigenesis. [14] [15] [16] However, the hsa_circ_0007874 role in OVA is unclear.
This study aimed to detect the hsa_circ_0007874 expression in OVA cell lines and explore the underlying mechanisms. Data indicated that hsa_circ_0007874 was downregulated in OVA, and hsa_circ_0007874 upregulation suppressed the cell proliferation and migration. These data supply a foundation for the novel therapeutic strategy development against OVA for clinical application.
| MATERIALS AND METHODS

| Animal ethics statement
BALB/c nude mice (n = 12) with 4 weeks old weighing 15-20 g (SLARC) were utilized in the investigation. Ethics Committee in Shanghai Tongji Hospital, Tongji University, Shanghai, China approved all animal experiments.
| Cell Culture
We cultured OVA cell lines (IGROV1, A2780, ES-2, OV2008, and SKOV3) and the normal ovarian cell line ISOE80 in Dulbecco's Modified Eagle's Medium (DMEM; Gibco) supplied with fetal bovine serum (FBS; Gibco) of 10% and penicillin in a humidified incubator with 5% CO 2 under 37°C.
| Fluorescence in situ hybridization
A FITC-labeled biotin-labeled hsa_circ_0007874 probe (5′-GGAAGGATTACATGACATCTGACCCAAAACA ACCCCACTGAC-3′-biotin) was synthesized by Sangon Biotech. We counterstained nuclei with 4,6-diamidino-2-phenylindole. We performed experiments following standard procedures (Genepharma).
| Bioinformatics analysis
The interaction between SOCS3 3′-untranslated region (3′-UTR) and miR-760 was predicted using the TargetScanHuman database (http://www.targe tscan.org/ vert_71/). The relationship between miR-760 and hsa_ circ_0007874 was predicted with (http://starb ase.sysu.edu. cn/) database.
| Migration assay
For cell migration analysis, we placed A2780 and SKOV3 cells into a Transwell upper chamber with density of 1 × 10 5 cells (8 μm pore membrane; BD Biosciences) in 200 μL serum-free medium. We added the complete medium (500 μL) to the bottom chamber. After 1 day of culture, we counted cell numbers in the bottom chamber after fixing with 4% paraformaldehyde and staining with crystal violet of 0.1%.
| Metastasis assays and tumor xenograft formation
In total, we injected 2 × 10 7 A2780 cells with or without hsa_ circ_0007874 overexpression into nude mice right flanks. 17 Tumor size (volume = 0.5 × length × width 2 ) was measured using Vernier calipers for every 5 days for 1 month before mice were euthanized.
| Dual luciferase reporter assay
We constructed the reporter plasmids by inserting the wild-type or mutant circ-0007874 or SOCS3 3'-UTR sequence into a pGL3 vector (Promega). Lipofectamine 2000 was used to co-transfect miR-760 mimics and reporter plasmids into HEK239T cells. We assessed Firefly and Renilla luciferase activities using the Dual Luciferase Reporter Assay System (Promega) after culturing for 2 days.
| Quantitative reverse transcriptionpolymerase chain reaction (QRT-PCR)
We extracted total RNA from cells using the TRIzol reagent (Invitrogen). We measured the RNA concentration using an ultraviolet spectrophotometer (Hitachi, Tokyo, Japan). We reverse transcribed RNA into cDNA through the Reverse Transcription Kit (TaKaRa Biotechnology Co., Ltd.). The thermocycling conditions were: 30 seconds at 95°C, 5s for 40 cycles at 95°C, and 35 seconds at 60°C. We calculated the relative expression via the 2 −ΔΔCt method. We used β-actin as the internal reference. Experiments were repeated three times. The primer sequences used are: hsa_circ_0007874, forward 5′-GCATCGGAAAGGGACATTTA-3′, reverse 5′-AGCT CTCAGACCCCACACAG-3′; SOCS3, forward 5′-GTCCC CCCAGAAGAGCCTATTA-3′, reverse 5′-TTGACGGTCT TCCGACAGAGAT-3′; miR-760, forward 5′-CAGTCCCAC AGCCTATCATCGATTGAAAAATCAAGGG-3′, reverse 5′-CCCTTGATTTTTCAATCGATGATAGGCTGT GGGACTG-3′; GAPDH, forward, 5′-TGTTCGTCATGGGT GTGAAC-3′; reverse, 5′-ATGGCATGGACTGTGGTCAT-3′; U6, forward, 5′-CTCGCTTCGGCAGCACA-3′; reverse, 5′-AACGCTTCACGAATTTGCGT-3′.
| Statistical analyses
GraphPad Prism (GraphPad) was employed for the analysis. Data were denoted by mean ± SEM P-values ≤ .05 indicated significant differences.
| RESULTS
| hsa_circ_0007874 expression is decreased in OVA cell lines
Previous studies showed that hsa_circ_0007874 has antitumor effects in lung adenocarcinoma 18 and breast cancer. 19 While the hsa_circ_0007874 role in OVA is unclear. Hsa_circ_0007874 is assembled with exons from the MTO1 gene with a 318 bp splice length. Hsa_circ_0007874 is located at chr6:74175931-74176329 ( Figure 1A ). Rt-qPCR detection illustrated that the hsa_circ_0007874 expression was lower in OVA cell lines such like A2780, IGROV1, ES-2, OV2008, and SKOV3 than in the normal ovarian cell line ISOE80 ( Figure 1B ). Because the hsa_circ_0007874 expression is particularly low in A2780 and SKOV3 cells, we used these cell lines for subsequent experiments. Fluorescence in situ hybridization assays illustrated that hsa_circ_0007874 predominately localized to the cytoplasm ( Figure 1C ).
| Overexpression of hsa_circ_0007874 decreases the ova cell migration and proliferation ability
To detect the hsa_circ_0007874 role in the OVA progression, an hsa_circ_0007874 overexpression vector (Lv-circ0007874) was constructed and transfected into A2780 and SKOV3 cells. Rt-qPCR detection showed that the hsa_circ_0007874 expression was significantly higher in A2780 and SKOV3 cells transfected with Lv-circ0007874 than in the negative control (NC) group (Figure 2A ). CCK8 (Figure 2B ,C) and clone formation ( Figure 2D ,E) assays verified that hsa_circ_0007874 upregulation suppressed the cell proliferation in A2780 and SKOV3 cells. Transwell migration assays demonstrated that the migratory capacity of A2780 and SKOV3 cells was diminished after hsa_circ_0007874 overexpression ( Figure 2F ,G).
| SOCS3 and MIR-760 are the downstream targets of hsa_circ_0007874
Increasing evidence indicates that circRNAs are preferentially located and function in the cytoplasm, and they function as mi-croRNA (miRNA) sponges to affect translation or bind directly to proteins regulating the protein function and localization. [20] [21] [22] [23] In this study, bioinformatics analysis identified miR-760 and SOCS3 as the downstream targets of hsa_circ_0007874 ( Figure  3A ). To confirm that miR-760 is the hsa_circ_0007874 target, we performed the luciferase reporter assays. The data validated that hsa_circ_0007874 inhibited the luciferase activity in wildtype cells, while not in mutated cell lines ( Figure 3B ), advising that hsa_circ_0007874 interacted with miR-760.
To determine whether SOCS3 was a miR-760 target, we conducted bioinformatics analyses to detect the potential interaction of miR-760 with the SOCS3 3'-UTR ( Figure 3C ). Luciferase reporter assays showed that miR-760 inhibited the luciferase activity in wild-type cells though not in mutated cell lines ( Figure 3D ). Taken together, the data suggest that silencing hsa_circ_0007874 inhibits the OVA progression by targeting the miR-760/SOCS3 axis.
| Downregulation of SOCS3 or MIR-
overexpression restores the migration and proliferation ability of A2780 And SKOV3 cells overexpressing hsa_circ_0007874
To validate the interactions between miR-760, hsa_ circ_0007874, and SOCS3, an hsa_circ_0007874 overexpression vector, miR-760 mimic, and a SOCS3 inhibitor vector were constructed and transfected into OVA cell lines alone or in combination. Rt-qPCR detection demonstrated that the hsa_circ_0007874 expression significantly increased in A2780 and SKOV3 cells transfected with Lv-circ0007874. Downregulation of SOCS3 or overexpression of miR-760 did not restore or affect the hsa_circ_0007874 expression ( Figure 4A,B ). This suggested that miR-760 and SOCS3 act downstream of hsa_circ_0007874. Rt-qPCR detection verified that miR-760 expression decreased significantly in A2780 and SKOV3 cells transfected with Lv-circ0007874. Downregulation of SOCS3 did not restore miR-760, whereas the miR-760 overexpression significantly increased miR-760 expression ( Figure 4C,D) . This suggested that SOCS3 acts downstream of miR-760. Rt-qPCR detection confirmed that the SOCS3 expression increased significantly in A2780 and SKOV3 cells transfected with Lv-circ0007874. Overexpression of miR-760 or downregulation of SOCS3 significantly decreased the SOCS3 levels ( Figure 4E,F) , confirming that SOCS3 acts downstream of miR-760. Clone formation assays ( Figure 4G -I) and Transwell detection ( Figure 4J -L) indicated that downregulation of SOCS3 or miR-760 overexpression restored migration as well as proliferation ability of SKOV3 and A2780 cells overexpressing hsa_circ_0007874.
| Downregulation of SOCS3 restores the migration as well as the proliferation ability of A2780 and SKOV3 cells after the downregulation of MIR-760 expression
Rt-qPCR detection showed that A2780 and SKOV3 cell transfected with the miR-760 inhibitor downregulated the miR-760 expression, whereas downregulation of SOCS3 did not restore the miR-760 expression ( Figure 5A,B) . Rt-qPCR detection showed that miR-760 silencing upregulated the SOCS3 expression, whereas downregulation of SOCS3 decreased the SOCS3 expression ( Figure 5C,D) . Clone formation assays (Figure 5E -G) and Transwell detection ( Figure 5H -J) showed that downregulation of SOCS3 reversed the miR-760 silencing effect on inhibiting cell migration and proliferation in A2780 and SKOV3 cells.
| Overexpression of hsa_circ_0007874 suppresses OVA growth
Hsa_circ_0007874 overexpressing A2780 cells were used to induce tumor formation in nude mouse xenografts. After 5 days, we measured tumor volume with a Vernier caliper and keep measuring for 30 days before mouse were murdered. The data showed that the hsa_circ_0007874 upregulation suppressed the tumor growth ( Figure 6A,B) . RT-qPCR detection confirmed that the miR-760 expression in tumor tissues significantly decreased in the hsa_circ_0007874 overexpression group (Figure 6C ). RT-qPCR detection also showed that hsa_circ_0007874 upregulation promoted the SOCS3 expression ( Figure 6D ), suggesting that hsa_circ_0007874 functions in OVA tumorigenesis.
| DISCUSSION
The roles of circRNAs in cancer progression and carcinogenesis have attracted much attention. [24] [25] [26] While their function and expression in OVA remain largely elusive. Here, we F I G U R E 3 SOCS3 and miR-760 are downstream targets of hsa_circ_0007874. A, The miR-760 binding sites in hsa_circ_0007874 were predicted by bioinformatics analysis. Hsa_circ_0007874 mutated (Mut) was constructed. B, The relative luciferase activity was determined 48 h after transfection with miR-760 mimic/normal control (NC) or with the hsa_circ_0007874 wildtype/Mut in HEK293T cells. Data are expressed as the mean ± SD. *** P < .001. C, The predicted miR-760 binding sites with the SOCS3 3'-UTR. The 3'-UTR-SOCS3 mutated version is also provided. D, Relative luciferase activity was determined 48 h after transfection with miR-760 mimic/normal control or with the 3'-UTR-SOCS3 wildtype/Mut in HEK293T cells. Data are expressed as the mean ± SD. *** P < .001 verified that hsa_circ_0007874 is downregulated in OVA cell lines. hsa_circ_0007874 overexpression significantly decreased the OVA cell proliferation and migration. In vivo studies confirmed that hsa_circ_0007874 overexpression decreased tumor growth, suggesting that hsa_circ_0007874 acts as a tumor suppressor.
Several studies showed that circRNAs act as miRNA sponges. 27, 28 In this study, our analysis identified miR-760 as a downstream hsa_circ_0007874 target. Luciferase reporter experiments and Rt-qPCR detection confirmed that miR-760 can be absorbed by hsa_circ_0007874. Low miR-760 expression is correlated with higher overall survival in hepatocellular carcinoma patients. 29 In non-small cell lung cancer (NSCLC), we showed that radiation can significantly increase the miR-760 expression in NSCLC cells. miR-760 knockdown attenuates radiation-suppressed NSCLC cell proliferation. 30 In OVA, we validated that the miR-760 expression is markedly upregulated in OVA tissues and cell lines, and high miR-760 expression is correlated with poor prognosis and an aggressive phenotype in OVA patients. miR-760 upregulation promotes, whereas miR-760 downregulation inhibits the OVA cell proliferation in vitro. 31 This study also adivsed that miR-760 downregulation suppressed the OVA cell migration and proliferation. miR-760 overexpression restored the proliferation and migration ability in cells overexpressing hsa_circ_0007874. Bioinformatics analysis indicated that miR-760 interacted with the SOCS3 3'-UTR. Luciferase reporter experiments and Rt-qPCR detection confirmed that miR-760 interacted with the SOCS3 3'-UTR. miR-760 downregulation promoted SOCS3 expression. Previous studies validated that SOCS3 expression is downregulated in cancer tissues, including pancreatic cancer, colorectal cancer, lung cancer, bladder cancer, and breast cancer. [32] [33] [34] [35] [36] SOCS3 overexpression has an anti-proliferative and anti-metastatic effect in cancer. 37, 38 Previous studies have found that when a cytokine or a growth factor binds to an intracellular receptor as a ligand, the receptor can form a heterodimer and phosphorylate the JAK kinase. Activated JAK can phosphorylate the tyrosine residue of STAT and activated STAT is separated from the receptor complex, forms a dimer, and is translocated from the cytoplasm to the nucleus, where it acts on specific DNA fragments and regulates gene transcription and expression. 39 SOCS is a negative regulator in the JAK-STAT signaling pathway and plays an important role in maintaining homeostasis in the cell. As an important tumor suppressor gene, the abnormal expression or function of SOCS3 plays an important role in the occurrence and progression of various tumors, including OVA. 40 In this study, we showed that downregulation of SOCS3 restored the proliferation as well as migration ability of cells with hsa_circ_0007874 upregulation. Downregulation of SOCS3 also restored the migration and proliferation ability of cells after miR-760 silencing. Taken together, these data indicate an indispensable tumor-suppressor role for the hsa_circ_0007874/miR-760/ SOCS3 pathway in OVA.
| CONCLUSIONS
In summary, we verified that the hsa_circ_0007874 expression suppressed oncogenesis by sponging miR-760, suggesting that hsa_circ_0007874 is a promising OVA prognostic biomarker. In addition, we inferred a novel hsa_ circ_0007874/miR-760/SOCS3 axis that might be used as an effective therapeutic target for the OVA treatment.
